Final Exam - Lab
12/19/2023

Submit the compressed fileas (ID) (name) .zip to [ftp:/cdlLhanyang.ac.kr - CAE/Final Lab] folder. It

should contain the final results of each problem (equations and graphs) using PowerPoint (ID.ppt) and

COMSOL files (problem#-#.mph).

1. [PDE solving] Solve the mixed boundary value problem for a Poisson equation as follows. Plot the surface of

solution ‘u’” and compute the solution values at the four points. (15 pts)

iR 4 Problem f Poisson Equation _ _
y Value or a Poi . Eq _ “_“-WLUJJ- _f(x}y)_lzx:y
Solve the mixed boundary value problem for the Poisson equation
V2 = tigy + sy = flx, y) = 12xy D]I].Chlet B.C
shown in Fig. 457a. 3
u(0,y) =u(y,0)=0, u(1.5,y) =3y
’ i Neumann B.C &3 Flux/Source 1
1.0 n
L —u=3y HJ,(JC,D =6x ~ Equation
o= 0/ = Show equation assuming:
ol - Exact sol. Study 1, Stationary
/ c 3 . g -n-(-cVu-au+y)=g-qu
=0 uy,; =0.125, u, =1 00
v =[d—gd—]
(a) Region R and boundary values (b} Grid (h = 0.5) — — 2Ly
: ) _ uy, =0.250, uy, =2
Fig. 457. Mixed boundary value problem in Example 1
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2. [2D Beam] Consider the following two bicycle frame models. Answer the following questions based on

your analysis of these models:
125 1b 25 1b

[Material property]
Desgin 1

E =30 x 10° psi
Design 2

E =10 x 10° psi

2 (10,15) @ 4 (30,15)

5 (32,11.25)

Design 1
2 (10,15)
¢

Design 2

[Crosssection datal

A; =01 [in®]

Ay = Az =Ay=A5=0.15 [in?]
Ag = A7 = As = 0.3 [in?]

I, =0.01 [in']
Iy=1I3=1,=15=0.02 [in']
Ig = Iz = Iy = 0.1 [in?]

1) Plot the Total displacement (line type) for each model and evaluate the y-direction displacements at the

node at 2. (15 pts)

2) Plot the von-mises stress (line type) for two bicycle frame models and determine which design is

preferable based on structural stiffness, providing an explanation for your choice (10 pts)
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3. [Stress concentration] The following cylinder bar with fillet (30 pts total)
Simple model Fillet model
h " h
-— Geometry «
D =15m
b d=1m '\.\
h=2m P P -

Element order : linear Fillot radins
Material property r

¥ E =210GPa
v=10.3 Omax = KitOnorm

Pressure P = 1Pa K= ('r' D)

T A D2 r b
d d

(based on smaller area)

2.5

4 A Geometry 1

I3 Rectangle 1 (1) 1
[ Rectangle 2 (72)
) Difference 2 (if2)
*| Fillet 1 ¢fir7) 2 Y
/ 4 Form Union (finy \
< Fillet operator —

Calculate 0,0, using Max/Min point plot

~ Expression +mhv %G v
Expression:
solid.sp1
£ Line
$@ contour R(m) | Analytic Kt |FEM Kt
;. — Streamline 0.05 24
T, Armow Line
f 3 Particle Trajectories 01 19
| B meh + Principal Stress Line
2 aon £ comastm e 015 168
7 Annctation 3 .
i v .
£ More Plots 02 1.57
| & ; ~ 0
@ Add Image to Export = row Point 025 15
1 Copy as Code to Clipboard Ay MayMin Point

(1) Construct the full 3D model and plot the surface of the first principal stress and the Calculate norm stress (10
pts)

as Domain Probe 1 fgdom1)

(hint: use average value of first principal stress “solid.sp1”’)

(2) Construct the 2d axisymmetric fillet (r=0.25) model, Compute maximum value of the first principal stress.
Check the stress by mesh dependency applying free triangle. Plot the graph as d.o.fs vs stress changing mesh

size. (mesh option: extremely coarse ~ extremely fine) (10 pts)

(3) Calculate the value of K when changing the fillet radius (0.05 ~ 0.25 m) as shown in the table. Compare the
values of K between the analytic and COMSOL results and fill the table. (mesh option: normal) (10 pts)
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4. [Magnetic Actuator] For the actuator and boundary conditions shown, solve the Poisson equation by

[ ] i P /
|+ - Magnetic Fields (mf) | (Use Fine discretization level.) (30 pts total)

> 1.2m »

H cutLine 2D 1 |

Magnetic insulation

0.3m A =0
0.4m ‘
02m 02m A 0.15m_ ) |
1.2m 0.65!11 ; \
0.2m
1.3m 0. lmI @ @ @
0.2m 0.4m I
L 4, =10000

0.1111:‘ ® ® ® ;]:Io;%:

Label: Cut Line 2D 1

03m Coil turns: 50 —
Current : 10A
Thickness (d) : 0.1m Data set: | Study 1/Solution 1 (sol1) =l

1) Draw a Magnetic flux density norm distribution along the | [ cut Line 20 1 | by [~ 1D Plot Group
v Line Graph
(15 pts total)

2) Evaluate the magnetic force using Maxwell stress tensor method by o’ Boundary Probe 1 (bnd7)
‘ ‘ % Boundary Probe 2 (Brd2)
(15 pts total) Analytic solution : 1.4289 N _# Global variable Probe 2 fvar2)

Hint:
Magnetic force (Maxwell Stress Tensor Method)

d [ BB,
f :u_oD ; dy+| BxBydx}
d : thickness

M, : vaccum permeability

B: flux density
f: force
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Problel Sol)

4 Au Coefficient Form PDE (¢)
& Coefficient Form PDE 1
&3 Zero Flux 1 1
o Initial Values 1 c
& Dirichlet Boundary Conditi
3 Dirichlet Boundary Conditi

Isotropic

3 Flux/Source 1 4
A Mesh 1 2 o
4 "~ Study 1

= Step 1: Stationary
e Solver Configurations
4 {® Results F
i Data Sets
L~ Views
4 35 Derived Values
£2 point Evaluation 1

[-- R=—an

¥ Source Term

Mived B bl

dary Value Pr for a Poisson Equation

Solve the mixed houndary value problem for the Poisson equation

12xy

V2 = gy + iy, = flx, ¥) =

shown in Fig. 457a.

¥ u = 6x
n

'/

=3

o/

(a) Region R and boundary values

u=0

Fig. 457. Mixed boundary value problem in Example 1
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~ Dirichlet Boundary Condition

v Boundary Flux/Source

Prescribed value of u Selection:

3
4
Active | 5
6

g

Selection

Manual

~ Expression

Expression:
u

u.n' + u;j' = f(x> y) = 12)@/

Dirichlet B.C

Neumann B.C
u (x,1) = 6x

Exact sol.
u,; =0.125, u, =1
u,, =0.250, u,, =2

~ Equation

12/19/2023

u(0,y)=u(y,0)=0, u(1.5,y) =3y’
3 Flux/Source 1

Show equation assuming:
Study 1, Stationary

-n-(-cVu-au+y)=g-qu

V=[

Surface: Dependent variable u (1)

99
dx dy

0.9
DEF
o7
0.6
05k
0.4
0.3k
02t
01

0.4 0.6

BEE-

Dependent variable u (1), Point: 3 Dependent variable u (1), Point: 4 Dependent variable u (1), Point: 5 Dependent variable u (1), Point: 6
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Proble2_Sol) Fixed B.C case
2l "
18 18
161 16
14t 14
12 12
10 10F
8r 18
6F 6+
4t 4t
ol o
| af
6F 6
8k SF
(.) 5 1'0 lJJ ZIO jlS 3ll] 3.5 (.) 5 1‘0 1‘3 2:2) ZlS 3ll] 3|5
Displacement field, y compenent (in), Point: 2 Displacement field, y compenent (in), Peint: 2
-0.0010084 -0.019624
;a: 20
18| 18
16+ 16
141 14

=
=

8 8

6 6

4 4

2 2

0 0 /

) 2 e
4 4

6 6

g 8

0 5 lIlJ 1!5 llO 2‘5 36 3‘5 l; ; lIlJ 1!5 llO 2‘5 3‘0 3‘5

Von-mises S #XZE EH design 12| 2% 1H frame0| SHO| FFE|0] X S=O| 1160psi

Ol design22| &< 938 psiO|Ct. 2[EH 2 frame=0| St Fx2YUS & 5= UCL  Design 27 H
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Proble2_Sol) Pinned B.C case

nfE
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v ——
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Displacement field, y component (in), Point: 2
-0.0010601

]
T
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T
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Proble3 Sol)

1.8
1.6
1.4
1.2
1
1.003 Pa
dofs sigma_ma
X
58 1.305 .
88 132 '
168 1.43
260 155 5
512 153
732 155 14
1398 158
1.3
4366 1.61 o 05 p 15 5
16850 158 x10*

R(m) | Analytic

Kt
005 24 2.46
0.1 1.9 1.98
0.15  1.68 1.76
0.2 1.57 1.63
025 15 1.53
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Proble4 Sol)

Surface: Magnetic flux density norm (T)
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PROBLEM.1 EVALUATION CRITERIA

Graphics Surface: Dependent variable u (1)
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Messages Progress Log Table 1
=] = Eg' 0.85 ‘“ E E = BE -

Diependent variable u (1), Point: 3 Dependent variable u (1), Point: 4 Dependent variable u (1), Point: 5 Dependent variable u (1), Point: &
012500 .99999 0 25000 2 0000

ME Jl=

1.(1) Surface plot 5&
(2) Point evaluation 10&
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PROBLEM.2 EVALUATION CRITERIA

AEAH
SOtAl BAHEACZE oH/\*E' ;DN P %01, £ 3%
@) SN

T UL AFE0 SEEA 28 &

Fixed B.C Pinned B.C
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PROBLEM.2 EVALUATION CRITERIA
(1) Fixed B.C

nf
201 20
181 18
16 16
4F — 14 2
12t 12
10 10
33 8
6 6
st 4
2t 2
of 0
af 2
At 4
s 6
s 8
0 5 T is 0 % % 3 0 5 10 is n = ) 3
Displacement field, y component (in), Point: 2 Displacement field, y component (in), Point: 2
-0.0010084 -0.019624

(2) Von-mises 88 X2 2H™ design 12 &%

2 S280| 1160 psiOl] design22l &ES 938
psiOICH. = 285 JI=2 2 Design 10|
21 A -

L2 2dd= Z=0h

ME JIE (S22 &8 28 Al 28 =5&) COMSOL unit system & Z210& 91X
(EX 20| AF2El |bin/s"™2 &= 2 H)
2.(1) 242 5&/ Line plot 5&/ displacement 5&)

(2) stress plot 2& / & 8&
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PROBLEM.2 EVALUATION CRITERIA

Pinned B.C
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l; 5 I‘U 1‘5 ]:3 1‘5 .;U 3!5 (; ; l’U 1.15 ]‘0 I‘ﬁ 5‘0 3’5
Displacement field, y component (in), Point: 2 Displacement field, y compenent (i), Point: 2
-0.0010084 -0.0065413
18 18 — .

(2) i . Von-mises 88 2XZE 2H design 12 &R
X &0] 1180 psiOl2 design22 2= 1300
psiOICH. =0 285 JIE22 Design 10|

-
e RxAMES 2,

HE JIZ= (& 28 28 Al 2F -5&) COMSOL unit system Ss& &2&t 2%
IPS|

2.(1) 242l 5&/ Line plot 5&/ displacement 5&)
(2) stress plot 2& / &Y 8&
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PROBLEM.3 EVALUATION CRITERIA

(2) (3) pem ,
R{m) | Analytic

s 58 1305 |
: 88| 132 ' (\ 005 24 2 46
168 143
1.6 260 1.55 s
: 01 19 188
512 153
1.4
732 1.55 14 015 1.68 1.76
1.2 1398 158
02 1.57 1.63
1 4366 1.61 1'30 0.5 1 1.5 2
16850 1.58 x10* 0.25 15 152
First principal stress (N/m*2), Domain Probe 1
1.0031
ME Jl=
3.(1) Surface plot 5& / & H 458 (symmetry B.C / Fixed B.C 25 oI &

(2) 2D axisymmetric 2 @C*' 5& / Plot graph 5&
(3) table 108 (=|0H S Bt HAH Al 5&)
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PROBLEM.4 EVALUATION CRITERIA

Surface: Magnetic flux density norm (T)

0.1*(bnd1+bnd2) (kg™2*m/(sA4*A%2))
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Line Graph: Magnetic flux density norm (T)
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